I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Coronary artery disease (CAD) occurs more frequently in men than in women before menopause. Despite various hypotheses, the reason for this phenomenon remains unknown.\[[@ref1]\] However, androgens are thought to be responsible for the higher prevalence of CAD in men. Sex hormones have shown to regulate lipoprotein metabolism and are likely to influence the development of CAD.\[[@ref2]\] The difference may result from the negative influence of androgens and the positive influence of estrogens on the lipid profile.\[[@ref3]\]

On the other hand, numerous studies have shown that a deficiency of endogenous testosterone, dehydroepiandrosterone (DHEA) and DHEA sulfate (DHEAS) in men is associated with CAD and its risk factors as metabolic syndrome: Insulin resistance, atherogenic lipid profile, hypertension, and visceral obesity.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] Moreover, physiological concentrations of endogenous testosterone exhibited a positive correlation with high-density lipoprotein cholesterol (HDL-Ch) levels.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] Most of the studies done were on healthy men and the literature on the relationship of testosterone with lipid profile in patients with CAD is scarce.

Therefore our study aimed to investigate the relationship between serum total testosterone (TT) levels and lipid parameters in angiographically confirmed CAD patients.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study setting {#sec2-1}
-------------

Patients with angiographically proven CAD who were admitted for coronary artery bypass graft were selected from the Cardiothoracic Unit, Teaching Hospital, Karapitiya. A group of controls who were in the same age range were recruited from the surgical units of Teaching Hospital, Karapitiya.

Study population and data collection {#sec2-2}
------------------------------------

This clinical protocol was approved by the Ethical Review Committee of Faculty of Medicine, University of Ruhuna, Galle, Sri Lanka, and was conducted according to the ethical guidelines outlined in the Declaration of Helsinki. The case group (age ranged from 30 to 70 years) included 103 consecutive male patients with angiographically diagnosed CAD, awaiting coronary artery bypass graft. The exclusion criteria were as follows: History of recent surgery or major trauma (within 3 months) or history of acute coronary syndrome in the past 3 months, malignancy, chronic inflammatory disorders, current acute severe infections (C-reactive protein level more than 10 mg/dl), dementia or any structural damage to the central nervous system, rrenal dysfunction (was defined as a serum creatinine concentration more than 2 mg/dl (177 mmol/l), chronic liver disease, alcohol dependency based on the CAGE\[[@ref14]\] criteria and current therapy with drugs that can interact with serum testosterone.

A group of controls were selected from patients awaiting minor surgeries who were in the same age range without clinically manifested CAD or major CAD risk factors (diabetes mellitus, hypertension, dyslipidemia/hypercholesterolemia, death of a first-degree relative with a premature myocardial infarction, smoking) and with normal ECG. The other exclusion criteria used in the selection of the case group were also applicable to the controls.

An interviewer-administered questionnaire was used to collect the following information: Socio-demographic data; risk factors such as hypertension, diabetes mellitus, cigarette smoking, hyperlipidemia, family history of coronary heart disease, previous myocardial infarction and medications; Weight, height, waist circumference, hip circumference; and systolic and diastolic blood pressures (mean of three consecutive measurements) were measured. The same investigator performed all measurements using the same instruments.

Sample collection and biochemical investigation {#sec2-3}
-----------------------------------------------

Blood samples for analysis were obtained in the morning after overnight fast. Separated sera were aliquoted and stored in a freezer at -70°C until analysis for testosterone.

Fasting plasma glucose, serum total cholesterol (TCh), triglycerides (TGs), HDL-Ch and LDL-Ch were estimated by enzyme-based colorimetric methods using commercial kits (ProDia International UAE, European authorized representative: ID consulting service e.K. Korbach/Germany).

The serum levels of TT were measured using a commercial EIA kit (Pathozyme Testosterone; Omega Diagnostics Ltd, Omega House, Hillfoots Business Village, Alva FK12 5DQ, Scotland, UK.; Star Fax 1000), according to the manufacturer\'s instructions and with the lowest detection limit of 0.06 ng/ml and a coefficient of variation ≤10%.

Statistical analysis {#sec2-4}
--------------------

Data were analyzed using Minitab version 15 for Windows. Categorical baseline data displayed in [Table 1](#T1){ref-type="table"} were analyzed by χ^2^ -test. Numerical data, displayed in [Table 2](#T2){ref-type="table"}, comparing cases and controls were analyzed by two-sample *t*-tests for independent samples assuming unequal variance. Adjusted means of hormone and lipid levels were calculated using multiple regression in which the dependent variables were TT and lipids, and the independent variables were age, BMI and case/control status. Pearson correlation coefficient was used to assess the relationship between serum TT concentrations and lipid parameters. All values were expressed as mean (± standard deviation) or percentages. Statistical significance was defined as *P* \< 0.05.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The study recruited 206 male patients, which included 103 angiographically proven CAD patients awaiting coronary artery bypass graft and 103 otherwise healthy patients awaiting minor surgery. The CAD patients were in the stable phase of CAD and no patients had a myocardial infarction within the last three months. As shown in [Table 1](#T1){ref-type="table"}, there were significant differences in mean age, BMI, waist circumference, hip circumference and waist-hip ratio, history of risk factors, and medication among the two groups (all *P* \< 0.05).

###### 

Baseline characteristics in cases vs controls

![](IJEM-17-1061-g001)

Smoking was reported in 78.6% and 32% of the CAD patient group and the control group, respectively, but CAD patients who were awaiting coronary artery bypass graft had been ex-smokers for about 3 months and control group individuals had given up smoking more than one year ago. The traditional risk factors of CAD were more prevalent among the cases compared with the controls, and 95.1% of the CAD patients were on statin treatment.

According to [Table 2](#T2){ref-type="table"}, TT level, fasting blood glucose levels and level of lipids (TGs, TCh, HDL-Ch and LDL-Ch) among the two groups were significantly different (all *P* \< 0.05).

###### 

Comparison of laboratory findings before and after adjustment for age and BMI

![](IJEM-17-1061-g002)

The TT, FBS and lipid parameters between the two groups remained significantly different after adjustment for clinical covariates \[[Table 2](#T2){ref-type="table"}\]. A significant negative correlation was seen between total cholesterol and testosterone (*r* = -0.280; *P* = 0.004) \[[Table 3](#T3){ref-type="table"} and [Figure 1a](#F1){ref-type="fig"}\] following adjustments of covariates, but the negative relationship between TT and TGs remained insignificant (*r* = −0.060; *P* = 0.540 \[[Table 3](#T3){ref-type="table"}\]) in the case group. A significant positive correlation was found between the serum levels of HDL-Ch and testosterone (*r* = 0.893; *P* = 0.001 \[[Table 3](#T3){ref-type="table"} and [Figure 1b](#F1){ref-type="fig"}\]), whereas a negative correlation was observed between LDL-Ch and testosterone (*r* = -0.987; *P* = 0.001) \[[Table 3](#T3){ref-type="table"} and [Figure 1c](#F1){ref-type="fig"}\] in the patient group. It showed that the correlation had become stronger following the adjustments.

###### 

Relationship between serum TT levels and lipid levels in CAD patients

![](IJEM-17-1061-g003)

![Correlation between serum concentration of TT and concentrations of: Total cholesterol (TCh)(a), HDL-Ch (b), and LDL-Ch (c) in CAD HDL-Ch:High density lipoprotein cholesterol, LDL-Ch:Low density lipoprotein cholesterol, CAD: Coronary artery disease](IJEM-17-1061-g004){#F1}

In the control group, significant positive correlations were observed between testosterone and TGs (*r* = 0.714; *P* = 0.001), TCh (*r* = 0.571; *P* = 0.001), HDL-Ch (*r* = 0.997; *P* = 0.001) \[[Figure 2](#F2){ref-type="fig"}\] and LDL-Ch (*r* = 0.995; *P* = 0.001).

![Correlation between serum TT and HDL-Ch in controls TT: Total testosterone, HDL-Ch: High density lipoprotein cholesterol](IJEM-17-1061-g005){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In this case-control study, consistent significant differences in serum testosterone and lipid parameters were observed between the case group and control group, which remained unchanged following adjustments for covariates. It was shown that there was a significant positive correlation between the serum levels of HDL-Ch and testosterone, whereas a significant negative correlation was elicited between LDL-Ch and testosterone in patients with CAD. In the control group, a significant positive correlation was observed between testosterone and HDL-Ch.

There are several ways by which testosterone may affect lipid metabolism and atherosclerosis. One proposed mechanism is that testosterone acts through modulation of lipid profile, supported by findings of a favorable relationship with HDL-Ch. Our finding of a potentially anti-atherogenic effect of endogenous natural testosterone within the physiological range, by modulating the HDL cholesterol level, is in agreement with earlier reports from studies done on healthy men.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] Among other studies, TT and sex hormone-binding globulin are associated with a beneficial lipid profile particularly with high HDL-Ch levels in men.\[[@ref15][@ref16]\]

It has been shown that healthy men with lower levels of plasma testosterone tend to have lower levels of HDL-Ch and lipoprotein lipase.\[[@ref17][@ref18]\] By contrast, one study showed a significant negative association of testosterone with HDL cholesterol.\[[@ref19]\]

There are studies where intramuscular administration of near-physiological doses of testosterone resulted in a decrease in total and LDL cholesterol levels without significantly affecting HDL cholesterol levels.\[[@ref20][@ref21][@ref22]\] Testosterone supplementations in men with hypo-gonadotropic hypogonadism were shown to increase the levels of total and LDL-Ch, but increased the HDL-LDL ratio.\[[@ref23]\]

On the other hand, the significance of endogenous testosterone for the lipid parameter in patients with established CAD needs to be further evaluated, as some epidemiological studies assessing cardiovascular events did not firmly establish a definite link of testosterone with development of CAD.\[[@ref24]\] Moreover, data on the relationship of testosterone with lipid profile in patients with CAD are scarce. Therefore our study adds new knowledge in this area.

In contrast to our study, a previous study reported significant associations of estradiol and lipids in a group of patients with CAD,\[[@ref25]\] but revealed no association between TT and lipid levels.

Several explanations can be postulated for the effects of testosterone on lipids. Testosterone may directly relate with HDL-Ch levels, perhaps by regulating the activities of enzymes involved in HDL-Ch metabolism. Alternatively, the relationship of testosterone with lipids may be due to peripheral conversion to estradiol. In another way, hormone and lipid levels may simply be markers of altered metabolic pathways: Hepatic metabolism or inter-conversion of hormones, and synthesis or degradation of cholesterol.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

In conclusion, TT was low in patients with CAD compared with controls. There was a significant positive association between serum TT and HDL-Ch in both groups. A negative association was found between testosterone and LDL-Ch in patients with CAD. This reflected that low levels of testosterone appear to create an atherogenic lipid milieu.

Limitations {#sec2-5}
-----------

Unavailability of facilities and the financial constraints in the Sri Lankan context have limited the number of assays performed such as sex hormone-binding globulin and an index of free and bio-available testosterone.
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